The mechanism of the adenylosuccinate synthetase reaction as studied by positional isotope exchange.
In an attempt to gain insight into the mechanism of the rat muscle adenylosuccinate synthetase reaction, experiments using the technique of positional isotope exchange (isotope scrambling) were undertaken. [gamma-18O]GTP was prepared and incubated with Mg2+ and the synthetase in the presence of various ligands. Positional isotope exchange occurred, as measured by nuclear magnetic resonance spectroscopy, when IMP was present. In the absence of IMP, with or without aspartate or succinate, the [gamma-18O]GTP did not exhibit scrambling. These results suggest that the adenylosuccinate synthetase reaction involves the participation of 6-phosphoryl-IMP as an obligatory intermediate. On the basis of experiments carried out in our laboratory as well as in others, we believe the GDP remains bound to the enzyme until the product, adenylosuccinate, is formed. All products may then dissociate randomly from the enzyme. The positional isotope exchange experiments, along with initial-rate experiments carried out in our laboratory, serve to explain the lack of partial exchange reactions associated with the synthetase (Fromm, H. J. (1958) Biochim. Biophys. Acta 29, 255-262), as well as the net inversion of configuration when chiral thio-GTP is converted to thiophosphate (Webb, M. R., Reed, G. H., Cooper, B. F., and Rudolph, F. B. (1984) J. Biol. Chem. 259, 3044-3046).